placed it in Euthemisto, while the female had to be referred to Parathemisto. In combining the two genera, Stephensen returned to the oldest generic name, apparently not realizing that it had been preoccupied.
K. H. Barnard (1930) pointed out that Themisto was not available and that Bocck's name had to be used. In spite of this, some authors continue to refer to the genus as Themisto.
K. H. Barnard (1930) retains Parathemisto and Euthemisto as subgenera of Parathemisto, a course which is followed by Hurley (1955) and Vinogradov (1956) . I believe this is the most satisfactory way to deal with this group of amphipods. Although the differences between Euthemisto and Parathemisto are sufficiently clear cut so that there is no difficulty in assigning all the known species to one or the other, they are not as great as those which separate the other genera of the family Hyperiidae.
Keys to species of Parathemisto have been given by Barnard (1930, p. 420), Stephensen (1923, p. 19 , European species), and Hurley (1955, New Zealand species Stebbing, 1888 Stebbing, , pp, 1420 Stebbing, -1423 . -Bovallius, 1889, p. 263.
Parathemisto oblivia (Kr0yer), Holmes, 1904, p. 233. Themisto abyssorutn (Boeck) , Shoemaker, 1930, pp. 132-133 [specimens from Nanaimo, British Columbia only].- Wailes, 1929, p. 5. vol. 112 Parathemisto abyssorum (Boeck) , Thorsteinson, 1941, pp. 90-91 . Parathemisto japonica Bovallius, Hurley, 1956 , pp. 15-16.-Vinogradov, 1956 Diagnosis: Total length of adult 9, excluding antennae, 4. (1930, p. 419) suggested that Stebbing's P. pacifica was a synonym of P. japonica. Barnard did not have specimens of either species, and his conclusion was a reasonable one to draw from a comparison of the descriptions by Bovallius and Stebbing. I suspect that Stebbing would have reached the same conclusion, for at the time he described P. pacifica, Bovallius had published only a brief, unillustrated description of P. japonica. If Bovallius' more detailed and illustrated description published in 1889 had been available to Stebbing, he might not have described P. pacifica as a separate species, for the differences emphasized by Stebbing and listed below are actually not valid for distinguishing the two species 1 . The propodus of P3 of P. pacifica is longer than the carpus and is pectinate rather than smooth on the posterior margin. While Bovallius (1889) states that the propodus is a little shorter than the carpus, he also says that the propodus is finely pectinated, and in his figure 35, plate 12, it is shown as pectinate and slightly longer than the carpus.
2. In P. pacifica, the outer ramus of uropod 3 is shorter than the inner ramus. Although Bovallius (1889) states that the two rami are of equal length in P. japonica, his figure 43, plate 12, shows the outer one to be slightly shorter. Stebbing does not say how much shorter the outer ramus of P. pacifica is, and provides no figures. In my specimens of P. japonica and P. pacifica, the outer ramus is slightly shorter.
Although the above criteria are worthless for distinguishing between P. pacifica and P. japonica, I nevertheless consider them as distinct Distribution: The distribution of P. pacifica will be considered in three sections: (1) (1948, 1952) .
The volume of water strained during a haul was meas- (1955) . While the occurrences in the Japan and Okhotsk Seas are undoubtedly P. japonica, those east of Japan probably include both P. japonica and P. pacifica. Since the temperatures limiting southward penetration are similar for P. japonica in the Japan Sea (see p. 366) and for P. pacifica along the California coast, Irie's data on the occurrence of Parathemisto east of Japan can be applied to both P. japonica and P. pacifica. His data show that these species are most abundant north of Japan. Irie (1948) (Masuzawa, 1955) . Koizumi (1953) (1953) (1956) and by Bogorov (1958) . P. japonica (=P. japonica + P. pacifica) is listed by Bogorov and Vinogradov (1955) as an inhabitant of their boreal epipelagic zone, extending south to about 40-42°N. and having surface temperatures of from 9-15°C .
This zone is also characterized by the copepods Calanus tonsus and the chaetognaths Sagitta elegans and Eukrohnia hamata. Brodsky (1955a) refers to it as the "Calanus tonsus Zone," and it undoubtedly corresponds to Hida's (1957) "Subarctic Zone" in the mid-Pacific. Circles, stations reported by Irie (1948) . Squares, Albatross stations. Stars, stations reported by Nakai (1955) ., 170°E.-145°W.), Hida (1957) It has already been mentioned that Bogorov and Vinogradov (1955) cited P. japonica as well as the above-mentioned chaetognaths as characteristic species of a faunal zone corresponding to Hida's Subarctic Zone. In Brodsky's (1955b) (Behning, 1939; Bulycheva, 1955 , Vinogradov, 1956 (1934, 1953, 1956) and Stepanova (1937) show that certain zooplanktonic species characteristic of the Bering Sea and north Pacific Ocean may be carried into the Chukchi Sea by the northward drift through the Bering Strait. P. pacifica does not seem to undergo such transport.
The boundaries of the area inhabited by P. pacifica, described above and shown in figure 9, are in fairly close agreement with the boundaries of north Pacific Subarctic Water as described and illustrated by Sverdrup et al (1946, p. 712, figures 202, 209a Bieri (1959) , in that it penetrates farther to the south and does not enter the Arctic Ocean, where S. elegans is common. The euphausiid, Euphausia pacifica Hansen, judging from the details given by Boden, Johnson, and Brinton (1955) , has a distribution more nearly like that of P. pacifica than does S. elegans.
Temperature and body size: It is well known that the size of marine poikilotherms is related to the temperature of the water in which they develop (Sverdrup et al., 1946, pp. 855-857; Marshall and Orr, 1955, pp. 81-89). This relationship has been investigated for P. pacifica, and is summarized in figure 10 . The mean length of the adult females was determined for each station and plotted against the temperature at a depth of 30 meters.
The results show a slight trend toward greater size at lower temperatures.
Coefficients of correlation for cruises 1, 5 , and 9 are respectively -0.526, -0.571 and -0.582. For the numbers of pairs of observations, 14, 20, and 19 , the values of r required at the 5 percent level of significance are 0.532, 0.444, and 0.456. On this basis the correlation between Parathemisto body length and 30-meter temperature is significant for cruises 5 and 9, and nearly significant for cruise 1. It can be seen from figure 10 that in July ( (1957) proposes a life cycle of 18 months to 2 years for P. libellula in the eastern Canadian Arctic, and Bogorov (1940) (1940) found that the young of P. abytssorum in the Barents Sea prefer the upper water layers, but according to Dunbar (1946) , P. libelluia has a marked phototropism and sta3 T s near the surface, especially on sunny days. In the Gulf of Maine the young P. gaudichaudii are most numerous near the surface, while adults occur mainly in net hauls made below the surface (Bigelow, 1926, p. 163 Behning (1939) Even at this early stage it is possible to distinguish males from females in almost all cases by the shapes of the antennal flagellae, especially those of antennae 1. In the early juvenile male the flagellum of antenna 1 is longer and broader; the portion distal to the sensory filaments, which in the female is shorter and sharply pointed, tapers more gradually and is half the length of the whole flagellum. The flagellum of antenna 2 is also longer and heavier in the male.
As development proceeds, the male flagellum becomes segmented.
In males about to molt, the segmentation which the flagellum will have during the following instar can be seen through the cuticle. (Segerstrale, 1937) and Oammarus chevreuxi Sexton (Sexton, 1924 figs. 2a and 3a) .
It is apparent that after an unknown number of instars during which the antennal flagellum remains unisegmental, the male Parathemisto passes through a minimum of three additional instars.
According to Mogk (1926) , the male Phronima sedentaria (Forskal) passes through five instars with an unsegmented flagellum. Segments first appear in the sixth instar, and the male reaches maturity in the seventh instar. In Phronima atlantica Guerin segmentation is also first apparent in the sixth instar, but the adult condition is not reached until the eighth instar.
In the first stage after leaving the marsupium, the flagellum of antenna 1 of Gammarus chevreuxi Sexton (Sexton, 1924) , G. fasciatus Say (Clemens, 1950) , and Pontoporeia affinis Lindstrom (Segerstrale, 1937) In gammarideans which have been studied, from 7-14 molts are required (Sexton, 1924 (Sexton, , 1928 Roux, 1933; Clemens, 1950; Kinne, 1953 Kinne, , 1959 (Dunbar, 1957 (1926, p. 107) and Dunbar (1946) It is interesting to note that Xakai (1955) Themisto japonica, Irie, 1959, pp. 20, ff. Diagnosis: Total length of adult 9, excluding antennae, 9-17 mm. The findings of Yamada (1933) (1934) Yamada's findings suggest that P. japonica is distributed in the Sea of Japan according to the extent of the cold water, as Tokioka (1940) found for the chaetognath, Sagitta elegans. The occurrence of P. japonica at Albatross stations along the west coast of Honshu makes this hypothesis improbable. Uda's (1934) (1958) Boeck, 1870, p. 87(7) . -Barnard, 1959, pp. 125-127, pis. 17-19. Themisto abyssorum (Boeck) , Stephensen, 1923, pp. 20-24, chart 4; 1924, pp. 95-97, figs. 36-38; 1944, p. 12. -Shoemaker, 1930, pp. 132-133; Maine (Bigelow, 1926) and is widely distributed in and around the Gulf of St. Lawrence (Shoemaker, 1930; Bousfield, 1951 Little is known about the life history of P. abyssorum. Bogorov (1940) Several records of P. abyssorum or P. oblivia in the Pacific Ocean are probably erroneous, since the authors almost certainly had P. pacifica or P. japonica. These include the records of Shoemaker (1930) and Thorsteinson (1941) from near Nanaimo, British Columbia, and that of Holmes (1904) from Humboldt Bay, Popof Island, Alaska (about 55°N., 161°W.) . Possibly the specimens of "P. oblivia" from stations 13 and 14 of the Canadian Arctic Expedition (Shoemaker, 1920) were P. japonica, and those from stations 21 and 27 were P. abyssorum. Irie's (1957a) record from the Tusima Straits is probably P. japonica.
The puzzling thing about the distribution of P. abyssorum is that it has not been able to establish itself in the Pacific ( fig. 13 ). This absence cannot be simply a matter of temperature, since the Okhotsk Sea and the western Bering Sea are regions of very low temperatures. In fact P. libellula, an Arctic species which does not penetrate as far to the south in the Atlantic as P. abyssorum, occurs in the Bering and Okhotsk Seas.
Three possible explanations may be given for the absence of P.
abyssorum from the Pacific: 1 The current flow through the Bering Strait has made it mechanically impossible for P. abyssorum to enter the Pacific Ocean. The hydrographic evidence for a northward flow of water from the Bering Sea into the Chukchi Sea (Barnes and Thompson, 1938; LaFond and Pritchard, 1952) is corroborated by Johnson's (1956) report of the presence of characteristic Bering Sea copepods in the Chukchi Sea (Eucalanus bungii bungii Johnson, Metridia lucens Boeck). While the penetration of Arctic plankters into the Pacific would be retarded by this northward current, it is unreasonable to suppose that it would be completely inhibited. On the extreme west of Bering Strait there appears to be some movement of water southward, and Sewell (1948, pp. 399-401) Hopkins (1959) has recently reviewed the Cenozoic history of the Bering Land Bridge. Evidence of the interchange of land mammals strongly suggests that the bridge was submerged during middle Eocene time (Simpson, 1947a (Simpson, , 1947b (1923, p. 23 Parathcmisto (Euthemisto) gracilipes (Norman) Figures \\,a-i; 14-15; 16,6 Hyperia gracilipes and (?) //. oblivia Norman, 1869, p. 287. Themisto gracilipes (Norman) , Stephensen, 1924, pp. 97-103, figs. 39-42 [lit. and syn.]; 1949 , p. 54.-Pirlot, 1929 , p. 128.-Candeias, 1934 Parathemisto (Euthemisto) gracilipes (Norman) , Barnard, 1930, p. 421. - 'Hurley, 1955, pp. 153-161, figs. 133, 158, 176, 178. [?] Parathemisto sp. (12), Yamada, 1933, p. 8, pi. (1955, p. 153) , who has studied abundant material of P. gracilipes, P. gaudichaudii, and P. australis from New Zealand waters. I have had at my disposal a limited number of specimens from two surfaceplankton tows-one made in Tusima Straits (34°20.7' N., 130°47.3' E.) (1924, figs. 39-41) rather than Hurley's drawings (1955, text-figs. 8-9). This fact may be attributed to the larger size of the New Zealand specimens.
In the Japanese specimens the serrulations of the inner margin of the male and female uropod 3 peduncle are barely discernible under high (X440) magnification, even less evident than that figured by O405S0-60 Hurley. This near absence of serrulations is also probably due to the small size of the Japanese specimens. As in Hurley's description, the inner margin of uropod 3 inner ramus is more finely serrate in the female than in the male. In the female P5 and P7 are subequal, slightly longer than P6. In the male, P5 is relatively longer; the distal end of P6 propodus reaches about three-fourths to the distal end of P5
propodus.
The Korean specimens agree in general with the Japanese ones, which appear to represent Stephensen's (1924) (1955, text-fig. 9, Nos. 155-156) . According to Stephensen, there are no fine teeth along the posterior margin between the long setae in the female, hut these are present in both the New Zealand and Korean specimens.
Yamada (1933) illustrates a "Parathemisto sp. (12)" which he found to be widely distributed in the Yellow Sea. Although he did not identify it specifically, he stated that using Barnard's key (1930) 1924 and Pirlot, 1939) . Bary (1959) (1955) pointed out that P. gracilipes inhabits more neritic water than P. gaudichaudii in the New Zealand area, and Bary's (1959) In the vicinity of Plymouth, England, P. gracilipes undergoes a diurnal vertical migration; it moves close to the surface at night and descends during the day (Russell, 1925 Euthernisto compressa (Goes), Chevreux, 1935, pp. 191-192 . Euthernisto bispinosa Boeck, Chevreux, 1935, p. 191. Themisto gaudichaudii Guerin, Stephensen, 1933, pp. 63-64; 1944, pp. 10-12; 1947, pp. 76-77; 1949, p. 54. -Pirlot, 1939, p. 39. Parathemisto (Euthernisto) gaudichaudii (Gudrin), Barnard, 1930, p. 420; pp. 280-282 (synonomy). -Hurley, 1955, pp. 161-164 Yamada, 1933, p. 8, pi. 2, fig. 12 , a-e.
Euthernisto antarctica (Dana), Ealey and Chittleborough, 1956, p. 22. Diagnosis (slightly altered from hurley, 1955) (Sverdrup, Johnson, and Fleming, 1942) .
Parathemisto (Euthemisto) libellula (Lichtenstein)
Figures 16, d-o; 18; 19 Gammarus libellula Lichtenstein, in Mandt, 1822, p. 32. Themisto libellula (Mandt) , Stephensen, 1923, pp. 24-26, chart 5 [distribution] . Shoemaker, 1926, p. 4; , p. 72.-Dunbar, 1946 1957 [biology] .
Euthemisto libellula (Mandt) , Bovallius, 1889, pp. 281-283, pi. 12, figs. 1-31 - Sars, 1895, pp. 13-14, pi. 6, fig. 1 . -Shoemaker, 1920, pp. 23-24, 28. Parathemisto libellula (Mandt) , Vinogradov, 1956, p. 211, fig. 10 [distribution] . Barnard, 1959, pp. 123, 125, pis. (1956) summarizes the known distributional records in his figure 10. Aside from P. abyssorum, P. libellula was the only commonly collected amphipod in the 1950, 1951, and 1953 1.80. Life history: The life history has been studied in some detail by Dunbar (1946, 1957) is. and
